EPR parameters for atomic hydrogen in three nonequivalent special positions at the twofold axis of the monoclinic structure of brazilianite, formed by X-ray irradiation at room temperature, are reported. The ^-factors are practically isotropic and close to the free electron value, but the hyperfine splittings exhibit considerable anisotropy. One of the centers shows an additional doublet splitting, most likely due to hyperfine interaction with the proton of one of the OH groups. These hydrogen atoms have the highest thermal stability yet reported. W ith repeated thermal destruction and formation by ionizing radiation one of the centers is rapidly depleted. Thus they must be formed at defect sites, not from the undisturbed OH groups, and trapped near the sites of formation and their thermal destruction must a t least in part be irreversible. Possible defects for their formation are discussed.
Introduction from this stoichiometric content or from
Formation of atomic hydrogen with ionizing irradiation has been observed in a number of crystalline matrices including CaF2 [1, 2] , alkali halides [3, 4] , quartz [5] [6] [7] , beryl [8] and some phosphates [9, 10] . In m any systems they can only be observed at low temperatures, but in CaF2 and in the phosphates they are stable up to temperatures in the range of 100 °C. Trapping at the basic anions was thought to be responsible for this high stability in the latter compounds [9] . This explanation does not hold for CaF2, and generally speaking the depth of the traps determines their stability. In the majority of these cases hydrogen atoms must be formed from defects since the pure crystals do not contain any hydrogen. A plausible mechanism for their formation in phosphates and compounds of other multivalent anions is a partial formation of the more acidic compounds by replacement of cations by hydrogen in the form of OH groups. The hydrogen could then be trapped at vacant cation sites in case of this type of disorder.
The mineral brazilianite is particularly suited to check this possibility for two reasons:
1. Like in the case of a-quartz [7] the low site symmetry of the crystal should allow an un ambiguous identification of the trapping sites through comparison of the directions of the principal axes for the E P R parameters with bond directions in the crystal. At least partial answers to these interrelated questions were obtained for this system.
Crystal Structure of Brazilianite
The crystal structure of brazilianite was deter mined by Gatehouse and Miskin [11] . The mineral crystallizes with the monoclinic space group P 2 i/b and four formula units per unit cell. All atoms are situated on general positions. The four OH groups are bonded to six-coordinated aluminium ions, but are not constituents of the PO4 groups.
Results and Discussion

Formation and EPR Spectra of Hydrogen Centers
Light green crystals of brazilianite were obtained from Minas Geraes, Brazil. Although these crystals contained a number of radiation defects like hole centers on oxygen adjacent to both aluminum and phosphorus [12] , no atomic hydrogen was present initially. It was, however, readily formed by X-ray irradiation at room temperature after thermal destruction of the original radiation defects (and the green color originating from divalent iron). Atomic hydrogen is formed at three magnetically nonequivalent sites, as can be seen from Figure 1 . All three centers exhibit considerable anisotropy of their hyperfine splittings, and these attain extrema for the magnetic field aligned along the 6-axis of a n g l e f r o m a * a x i s All three centers are stable at temperatures below 150 °C. They decay at comparable rates at higher temperatures. This is the highest thermal stability yet reported for atomic hydrogen in any solid. A broad optical absorption band at 41900 cm-1 correlates well with the intensities of the hydrogen E P R spectra. It has practically the same position as the corresponding 1 s -> 2 p transition of hydrogen in KC1 [15] .
Changes with Repeated Bleaching and Re-irradiation
The symmetry of the E P R spectra already shows that the hydrogen atoms are not trapped at vacant sodium sites or other general positions, but never theless they could still be formed from protons in OH groups replacing sodium to a small extent. If atomic hydrogen is destroyed by an irreversible process like formation of molecular hydrogen, we expect a more or less pronounced exhaustion of this hydrogen depending on the relation between the amount of this disorder and the concentration of atomic hydrogen formed with each irradiation. As shown in Table 2 , decreasing formation of atomic hydrogen after each bleaching at 160 °C and sub sequent X-ray irradiation (C uK a, 40 kV, 25 mA) " 
